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ABSTRACT 

The  apparent  increase  of  the  size  of  the  moon 
when  seen  on  the  horizon  as  compared  to  its  size  when 
seen  at  zenith  has  been  a  puzzle  for  centuries. 

Previous  studies,  usually  revolving  around  one  basic 
explanation,  have  generally  been  conducted  in  the 
natural  setting. 

In  the  present  study,  traditional  explanations  of 
the  Moon  Illusion  were  tested  in  the  laboratory  where 
an  attempt  was  made  to  replicate  the  natural  situation. 

The  factors  tested  were:  1.  eye  elevation  2.  apparent 
distance  3.  texture  gradients  4.  objects  in  the  scene 
or  relative  size  and  5.  brightness  or  photic  gradient 
surrounding  the  moon.  The  first  four  factors  have  been 
postulated  by  earlier  researchers  as  factors  in  producing 
the  illusion.  The  fifth  factor  has  never  been  explicitly 
studied.  Effects  due  to  combinations  of  these  factors 
were  studied,  with  an  emphasis  on  testing  additivity. 

Results  indicate  that  although  terrain  characteristic 
is  an  important  factor  in  the  production  of  absolute 
illusory  size  (see  Glossary) ,  it  is  not  sufficient  for 
explanation.  Terrain  is  a  complex  variable,  composed  of 
both  texture  gradients  and  objects  in  the  scene.  Both 
factors  produce  absolute  illusory  size. 
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Eye  elevation  is  also  important  in  producing 
absolute  illusory  size,  as  is  the  brightness  or  photic 
gradient  surrounding  the  moon.  However,  when  relative 
illusory  size  (see  Glossary)  is  considered,  only 
representation  of  terrain  produced  illusory  size. 

Further,  the  results  of  this  study  indicate  that  apparent 
distance  and  apparent  size  were  not  interdependent. 

On  the  basis  of  previous  research  by  other  authors,  a 
suggestion  was  put  forth  concerning  the  method  of 
measurement,  i.e.  simultaneous  comparison  (not  employed 
in  the  present  study)  may  produce  different  results  than 
those  provided  by  an  indirect  measure. 

The  conclusion  drawn  is  that  the  traditional  approach 
which  posits  a  one-factor  explanation  is  insufficient, 
since  the  Moon  Illusion  can  be  evoked  by  one  of  several 
conditions  or  combinations  of  conditions. 
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INTRODUCTION 


General  Introduction  To  Problem 
Origin  of  Problem: 

Since  antiquity,  men  have  noticed  and  studied 
what  has  become  known  as  the  "Moon  Illusion".  This 
illusion  refers  to  the  increase  of  visual  size  of 
the  moon  when  on  the  horizon  as  compared  with  its  size 
at  zenith.  The  illusory  effects  of  the  sun  are  even 
larger  than  those  of  the  moon,  but  largely  unstudied 
because  of  the  intensity  involved. 

Knowledge  of  the  moon  illusion  has  prompted  many 
experimental  investigations.  Some  studies  have 
involved  observations  of  artificial  targets  (white 
disks  and  light  spots)  subtending  the  visual  angle  of 
the  moon  and  thus  have  actually  been  laboratory 
studies  of  apparent  size  i.e.  natural  situations  have 
not  been  simulated.  Many  others  have  used  natural 
situations  with  consequent  poor  control  and  isolation 
of  relevant  variables. 

Size  -  Distance  Hypothesis: 

The  hypothesis  which  is  still  dominant  was 
suggested  by  Ptolemy  (  2  A.D.):  the  apparent  increase 
in  the  size  of  the  moon  on  the  horizon  is  due  to  its 
location  beyond  any  terrestrial  objects  with  which  it 
is  automatically  compared,  that  is,  moon  size  is  a 
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function  of  the  distance  of  the  object.  The 
difference  between  zenith  and  horizon  sizes,  he 
reasoned,  occurred  because  filled  space  is  nearly 
always  perceived  as  greater  than  the  same  extent  of 
unfilled  space,  and  that,  therefore,  the  horizon 
appears  as  farther  away  than  the  zenith  and  the  size 
is  relatively  larger. 

Ptolemy's  hypothesis  implies  that  the  moon  is 
seen  against  a  sky  which  0  does  not  see  as  equally 
distant  at  different  elevations.  This  aspect  of  his 
hypothesis  may  be  considered  independently  of  objects, 
and,  as  such,  is  called  the  "Vault  of  Heavens  Effect" 
by  Minnaert  (1954)  who  explicitly  describes  the  shape 
of  the  sky  over  the  earth  consistent  with  Ptolemy. 

The  "Vault"  is  not  hemispherical  but  rather  semiellipsodal 
in  shape,  having  a  ratio  of  "eye  to  horizon"/"eye  to 
zenith"  approximately  equal  to  two.  Independence  of  the 
shape  of  the  sky  from  the  presence  of  the  moon  is  also 
supported  by  results  from  a  study  reported  by  Kaufman 
and  Rock  (1962)  where,  in  ninety  percent  of  the 
observations  made  by  a  group  of  ten  Ss ,  the  horizon 
sky  appeared  to  be  more  distant  even  when  the  moon  was 
not  present.  This  result  would  be  directly  relevant 
to  an  explanation  involving  Emmert ' s  Law  of  Afterimages. 
King  and  Gruber  (1962)  noted  that  the  perceived  size  of 
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an  afterimage  projected  on  the  sky  varies  in 
accordance  with  Emmert's  Law  when  one  considers 
the  position  of  projection  in  relation  to  the  sky 
as  a  flattened  dome.  Gruber  and  his  collegues 
explained  the  Moon  Illusion  as  a  special  case  of 
Emmert's  Law. 

The  mechanism  by  which  apparent  distance 
affects  apparent  size  has  not  always  been  clear 
since  both  size  and  distance  are  responses  and  not 
stimuli  based  directly  upon  physical  impingements 
(see  either  Bartley,  1958,  or  Gibson,  1966,  for  a 
discussion  of  this  theoretical  point.)  Within  this 
context  of  cue  theory,  the  classic  explanations  of 
size  perceptions  were  made  in  1855  by  Helmholtz  (1964). 
Helmholtz'  notion  was  that  0  makes  an  "immediate 
unconcious  adjustment'  of  size  for  apparent  distance. 

An  alternate  hypothesis,  but  one  which  represents 
the  same  general  approach,  is  the  invariance  hypothesis. 
Gibson  (1966)  suggests  that  the  organization  of 
information  within  the  environment  is  sufficient  to 
produce  the  effect.  He  contends  that  stimulus 
configurations  may  be  considered  to  evoke  what  he  called 
"misperceptions"  (in  preference  to  "illusions") 
independently  of  cognitive  activity.  Misperceptions 
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are  considered  to  be  the  result  of  the  straining 

of  conditions  or  the  result  of  "deficiencies  in  a 

process  which  usually  comes  out  right,  but  for 

various  reasons  sometimes  goes  wrong".1  In 

particular,  in  the  case  of  the  Moon  Illusion,  he  would 

argue  that  the  moon  anywhere  is  undetermined  by 

optical  information  and  is  therefore  phenomenally 

indefinite,  but  that  the  horizon  moon  is  at  least 

determined  as  very  distant  (the  zenith  moon  being  at 

an  indefinite  distance  phenomenally)  and  hence  as 

vaguely  very  large.  The  moon  illusion  is  then  nothing 

but  the  experience  that  the  moon  at  the  horizon  (being 

at  or  behind  the  extreme  of  terrestrial  distance)  is 

3 

suprisingly  large.  That  is,  he  does  not  presume  that 
the  discrimination  depends  upon  explanation  at  a  brain 
level,  but  that  it  is  the  stimulus  configuration  (such 
as  a  texture  -  gradient)  on  the  retina  which  yields 
the  impression  of  a  plane  receding,  and  therefore,  the 
expected  size.  Supporting  his  position  in  part  are 
results  reported  by  Kaufman  and  Rock  (1962) .  They 
found  that  terrain  is  important  for  full  explanation  of 
the  illusion.  However,  their  results  are  complex. 

1 

The  Senses  Considered  as  Perceptual  Systems,  p.  318 

2 

by  "optical  information",  Gibson  refers  to  information 
provided  by  the  content  of  the  scene,  NOT  to  output 
from  ocular  processes. 

^communication ,  U.  of  A.,  Edmonton,  13/6/68 
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The  importance  of  particular  types  of  terrain 
was  studied  by  Kaufman  and  Rock  (1962) .  Some  terrains 
were  more  effective  than  others,  e.g.  a  street  scene 
produced  a  size  ratio  ("size  of  horizon  moon"/"size  of 
zenith  moon")  of  1.66,  while  the  effect  for  a  scene 
without  objects  was  approximately  1.37.  It  should  be 
noted,  however,  that  the  effect  of  the  buildings 
disappear,  when,  through  the  use  of  mirrors,  the  scene 
is  inverted.  The  ratio  in  this  situation  is  1.28.  This 
suggests  that  texture  gradients  per  se  are  not  sufficient 
(see  also  Boring's  studies  of  1940,  1941,  1942). 

Angle  -  of  -  Regard  Hypothesis: 

Boring  and  collegues  have  presented  the  chief 
alternative  to  size  -  distance  explanations.  Boring 
and  Holway  (1940)  and  Boring  (1941)  turn  instead  to 
what  they  termed  "angle  -  of  -  regard"  and  "elevation  of 
gaze"  hypothesis.  Boring  suggested  that  there  is 
evidence  that  indicates  that  the  phenomena  depend  upon 
the  physiological  properties  of  0  and  not  upon  external 
factors.  In  proof  of  this  point,  Boring  noted  that  there 
is  no  size  differences  in  photographs,  although  terrain 
is  present.  He  and  his  colleagues  point  out  that 
kinesthetic  input  from  the  ocular  muscles  varies  with 
elevation  of  a  target  and  present  data  indicates  that 


OLirf  a  i  :  iibuJa  r 

,  N  '  ■  ■ 

' 


6. 


the  illusion  results  from  the  cues  provided  by  this 
input.  The  illusion  is,  according  to  this  view,  a 
special  instance  of  "size  constancy".  The  notion 
in  general  is  that  size  constancy  arises  because  the 
perceptual  habits  of  0  lead  to  correcting  the  size 
of  the  retinal  image  for  the  distance  of  the  object. 

The  apparent  discrepancy  between  the  results  of  Boring 
and  Holway  and  Kaufman  and  Rock  on  this  point  may 
perhaps  be  related  to  the  fact  that  the  object  judged 
was  different  in  the  two  cases. 

Other  Hypotheses : 

Other  theories  have  arisen  and  enjoyed  brief 
popularity.  Explanations  relating  the  illusion  to 
the  selective  scattering  of  light  of  shorter  wavelengths 
in  the  atmosphere  (the  reddish  colour  of  the  sun  as  it 
sets)  have  not  gained  much  support  (Kaufman  and  Rock, 
1962,  and  Osaka,  1962). 

Laboratory  Studies : 

Up  to  this  point,  the  discussion  has  concerned 
measurements  of  the  moon  and  sun  in  natural  situations. 
The  Moon  Illusion  has  also  been  investigated  in  the 
laboratory  where  better  control  of  variables  is  possible. 
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Schurr  (1925)  conducted  a  study  in  a  zepelin 
hanger.  Her  method  involved  projection  of  disks  of 
light  upon  the  walls  and  ceiling  of  the  hanger. 

Findings  support  the  angle  -  of  -  regard  theory,  but 
Kaufman  and  Rock  (1962)  report  being  unable  to 
replicate  her  experimental  results.  Also  Gruber, 

King  and  Link  (1961)  produced  the  illusion  in  the 
laboratory  only  in  cases  where  terrain  was  represented. 
While  their  results  added  support  to  Kaufman  and  Rock, 
it  also  appears  that  various  experimental  methods  and 
situations  influence  results  to  an  undetermined  extent. 

Methods  of  Denoting  Response: 

One  important  variable  is  the  method  used  to 
determine  the  size  observed.  The  illusion  is  often 
not  found  when  the  moon  is  compared  simultaneously  with 
a  target  (direct  measurement)  but  is  found  when  indirect 
measurement  is  used  (see  Minnaert,  1954,  and  Table  I 
below) .  Minnaert  concluded  that  memory  plays  a  large 
role  in  the  illusion. 
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Table  1 


Experiment 

Date 

Direct 

Indirect 

Pozdena 

1909 

2.5 

— 

Schurr 

1925 

1.2  -  1.9 

— 

Boring  and 

Holway 

1940 

.95  -  2.03 
dependent  on 
conditions  of 
observation 

Minnaert 

1954 

1.0 

2.5  -  3.5 
(both  sun  and 
moon  illusion 

Gruber ,  King 
and  Link 

1962 

— 

1.5  -  1.6 

Kaufman  and 

Rock 

1962 

.99  -  1.34 
dependent  on 
presence  of 

terrain 

1.28  -  1.66 
dependent  on 
conditions  of 
observation 

Table  Is  experimental  results  of  previous  studies 

for  the  perceived  "Size  of  Horizon  Moon"/"Size 
of  Zenith  Moon"  by  the  methods  of  direct 
measurement  (target  viewed  simultaneously  with 
comparison  stimulus)  and  indirect  measurement 
(target  viewed  successively  with  comparison 
stimulus) . 
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The  Specific  Problem: 

Perception  is  the  "immediate  response  of  the 
organism  to  the  energy  impinging  on  sense  organs." 
(Bartley,  1958) . 

Discrimination  is  the  characteristic  of 
perception  which  distinguishes  it  from  pure  physical 
and  chemical  interaction  between  the  body  and  its 
surrounds.  "To  discriminate  is  to  make  a  choice 
reaction  in  which  contextual  conditions  play  a  deciding 
role"  (Bartley,  1958) . 

A  judgmental  process  does  not  consist  of  "a  single 
unit  of  activity,  or  a  single  extended  reaction,  but 
rather  a  series  of  reactions,  each  of  which  can  be 
taken  as  a  unit,  and  called  a  perceptual  response" 
(Bartley,  1958).  0's  terminal  reaction  or  report  is 

called  a  judgment . 

It  is  conceivable  that  all  prior  investigators 
have  isolated  relevant  variables  but  have  assigned  them 
too  exclusive  a  role  in  explanation.  Certainly  most 
natural  situations  in  which  the  illusion  occurs  contain 
more  than  one  contributing  factor  (see  Figure  1) .  The 
purpose  of  the  present  research  is  to  discover  the 
extent  to  which  these  factors  contribute  to  the  illusion 
alone  or  in  combinations. 

More  specifically,  the  present  investigation 
proposes  to  study  size  illusion  by  combining  stimulus 
variables  such  as  are  found  in  the  natural  situation 
with  precise  laboratory  control.  The  variables  to  be 
considered  are  those  that  have  been  thought  important 
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Figure  1:  An  example  of  the  Moon  Illusion  in  a  scene 
containing  a  combination  of  factors: 

Texture  Gradients,  a  Photic  Gradient 
surrounding  the  moon,  and  an  object  in  the 
scene . 

Eye  elevation  is  fixed  at  the  horizon  position. 
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by  prior  investigators,  namely,  eye  elevation; 
apparent  distance;  texture  gradients  and  relative 
size.  The  role  of  the  brightness  gradient  will 
also  be  evaluated,  although  it  has  never  been 
explicitly  studied.  A  judgmental  process  will  be 
involved,  since  this  is  the  process  which  takes 
place  in  the  natural  situation. 

The  present  study  will  consider  two  different 
aspects  of  size:  relative  illusory  size  and  absolute 
illusory  size.  The  traditional  comparison,  i.e. 

"Size  of  Horizon  Moon"/"Size  of  Zenith  Moon" 
(variations  of  which  were  used  by  Boring  [1939,  1943], 
and  Kaufman  and  Rock  [1962],  etc.)  will  be  termed 
relative  illusory  size.  Deviation  of  size  judgment 
from  veridical  "moon"  size,  i.e.  thirty  minutes,  eight 
seconds  of  arc,  will  be  termed  absolute  illusory  size. 
Unless  otherwise  noted,  results  will  be  discussed  in 
terms  of  the  latter  aspect  of  illusory  size. 

The  following  hypotheses  will  be  tested: 

1.  a  luminous  circular  target  in  the  presence  of 
any  one  of  the  aforementioned  factors  will  produce  an 
illusory  size, 

2.  a  luminous  circular  target  in  the  presence  of  any 
combination  of  these  factors  will  produce  an  illusory 
size , 
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3.  a  luminous  circular  target  in  the  presence  of  any 
combination  of  these  factors  will  show  that  the 
factors  are  not  additive  in  their  effects.  Non¬ 
additivity  would  suggest  that  the  hypotheses  present 
true  alternatives  of  explanation. 
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METHOD 

Subjects : 

Eight-one  (81)  summer  school  students  drawn 
voluntarily  from  undergraduate  courses  in  Psychology 
and  Educational  Psychology  served  as  Ss.  Data  for 
seventy  Ss  was  retained  for  analysis,  ten  Ss  in  each 
of  the  seven  conditions.  No  specific  age  or  economic 
group  was  employed  and  sex  differences  were  not 
considered. 

Of  eighty-one  Ss ,  eleven  (11)  were  rejected. 
Rejection  occurred  if,  in  the  initial  condition  (target 
but  no  brightness  gradient) ,  Ss  judgments  showed  too 
great  variability  (see  Appendix  l)  . 

Because  the  individual  differences  in  judging  size 
are  so  marked,  test  trials  determined  which  of  the 
several  available  comparison  stimuli  was  required 
(see  Apparatus  for  description  of  comparison  stimuli) . 
The  elevation  two  steps  above  the  horizon  was  chosen 
for  the  test  trial  because  its  height  was  almost 
midpoint  between  the  highest  and  lowest  elevations. 

It  might,  therefore,  be  expected  to  produce  an  average 
judgment.  When  it  happended  that  S's  judgments  were 
in  a  range  beyond  the  existing  one,  he  was  invited  to 
return  at  a  latter  date  at  which  time  a  comparison 
stimulus  of  the  correct  size  was  made  available. 
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Apparatus : 

Research  was  conducted  in  two  adjacent  darkrooms 
prepared  in  the  following  way  (see  Figure  II) .  In 
Room  One,  opposite  the  joining  wall,  two  sheets  of 
Plexiglas  were  illuminated  from  behind  and  tilted 
so  the  top  and  bottom  were  equally  distant  from  £. 

This  served  as  the  "sky".  The  stimulus  target  was 
projected  on  this  surface  by  a  Leitz  "Prado  500" 
projector  which  was  fitted  with  an  aluminum  slide 
containing  a  circular  hole  of  the  correct  diameter 
to  provide  a  "moon"  on  the  Plexiglas  sky  which  would 

subtend  a  visual  angle  identical  with  that  subtended 
by  the  vertical  moon  in  the  natural  situation.  The 
projector  was  also  fitted  with  a  blocking  lens  to 
concentrate  the  light  beam  and  a  tube  to  prevent 
scattering  of  light.  A  small  hood  containing  a  circular 
hole  placed  over  the  end  of  the  tube  provided  the 
initial  condition.  The  diameter  of  the  hole  was  of 
such  a  size  that  it  would  allow  only  the  projected  light 
for  the  "moon"  to  pass,  thus  eliminating  the  photic 
gradient  from  the  initial  condition.  Removal  of  this 
hood  provided  the  condition  of  target  with  surrounding 
gradient  of  brightness. 

The  stimulus  target  was  equivalent  in  all  possible 

2 

respects  (e.g.  visual  angle,  brightness  in  cdls./in.  ) 


* 


Figure  H  Schematic  Drawing  of  Apparatus  (see  text) 
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to  the  real  moon.  The  diameter  of  the  "moon"  on 
the  Plexiglas  "sky"  was  1.19  inches.  At  S's 
position  slightly  over  eleven  feet  away,  this 
target  subtended  an  angle  of  thirty  minutes,  eight 
seconds,  or  that  subtended  by  the  veridical  moon. 

A  Variac  attached  to  the  projector  provided  a  means 
of  equating  the  brightness  of  the  stimulus  target  to 
that  of  the  real  moon. 

Elevation  was  varied  through  use  of  a  six-sided 
block  similar  to  those  supporting  drafting  tables. 

Six  equally  spaced  elevations  were  employed,  varying 
from  zero  degrees  to  twelve  degrees  thirteen  minutes, 
i.e.  the  highest  elevation  was  at  an  angle  of  twelve 
degrees,  thirteen  minutes  from  S's  sensible  horizon. 

Beneath  the  Plexiglas  "sky",  a  black  table 
supported  the  seven  types  of  interchangeable  stimulus 
fields.  The  fields  were  as  follows:  1.  a  city  skyline 
scene  2.  a  rotating  windmill  3.  a  texture  gradient  4. 
line  perspective  5.  a  city  scene  plus  texture  gradient 
6.  a  city  scene  plus  line  perspective  7.  a  scene 
with  only  the  background  and  target  (unstructured 
condition) .  The  city  skyline  consisted  of  a  row  of 
four  model  buildings  interspersed  with  small  plastic 
cars.  The  texture  gradient  and  line  perspective 
consisted  of  luminous  design  on  a  flat  white  background 
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and  tilted  approximately  forty  degrees  from  horizontal. 

All  fields  were  supported  by  small  black  benches 
invisible  to  S3.  In  the  condition  where  a  combination 
of  fields  occurred,  the  line  perspective  or  texture 
gradient  was  placed  directly  in  front  of  and  below 
the  city  skyline  (see  Figures  III  to  IX) . 

Building  windows  and  sky  were  radiant,  but  the 
field  was  luminous.  Luminous  substances  were  activated 
by  four  black  lights  whose  output  was  controlled  by 
a  Variac.  A  timer  provided  control  of  inspection  time. 

The  wall  separating  the  two  experimental  rooms 
housed  a  reduction  screen  which  permitted  binocular 
vision  of  the  experimental  situation.  This  screen 
was  built  into  a  box,  a  portion  of  which  was  illuminated 
from  behind  and  contained  a  movable  rod  with  a  cardboard 
circle  attached  in  an  upright  position  at  the  end  most 
distant  from  S.  The  cardboard  circle  was  the  comparison 
stimulus.  It  was  viewed  binocularly  by  S.  As 
mentioned  before  (see  Subjects) ,  the  comparison  stimulus 
was  interchangeable.  The  diameters  of  the  comparison 
disks  were  .14  in.,  .25  in.,  .38  in.,  .50  in.,  and 
thereafter  increased  at  .10  in,  intervals,  the  largest  disk 
being  1.50  in.  in  diameter. 
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Figure  3 :  Unstructured  Condition  with  No  Photic 
Gradient. 

The  Unstructured  Condition  consisted  of  the 
moon  and  background  only  i.e.  objects 
and  terrain  were  not  represented  in  this 
condition.  The  "moon"  is  shown  at  an  elevation 
of  7°21'  from  -S'  s  sensible  horizon  with  the 
horizon  at  lower  edge  of  the  photograph,  (approx.) 


Figure  4:  City  Scene  (with  Photic  Gradient) 

The  City  Scene  consisted  of  four  model  buildings 
illuminated  from  the  interior,  and  a  number  of 
small  plastic  cars,  all  mounted  on  a  bench 
painted  flat  black.  Shadows  seen  are  reflections 
in  the  Plexiglas  "sky"  which  are  noticeable 
from  the  angle  of  the  photographer,  but  not 
noticeable  from  the  slightly  different  angle  of 
the  S . 

The  Tmoon"  is  shown  at  an  angle  of  7° 21'  from 
S's  sensible  horizon. 


Figure  5:  Line  Perspective  (No  Photic  Gradient) 

The  "figure”  portion  of  the  Line  Perspective 
consisted  of  a  design  in  luminous  paint 
activated  by  four  black  lights. 

The  surrounding  "ground"  was  painted  with  flat 
white  paint,  which  when  illuminated  by  the 
four  black  lights,  merged  into  the  background. 
The ' "moon"  is  shown  at  an  angle  of  2°27'  from 
S's  sensible  horizon.  _ 


Figure  6 :  Combination  of  City  Scene  plus  Line 

Perspective  (with  No  Photic  Gradient) 

In  the  Combination  scene,  the  Line  Perspective 
scene  was  supported  directly  in  front  of  and 
below  the  city  skyline  scene. 

The  "moon"  is  shown  at  an  angle  of  4°54'  from 
S's  sensible  horizon. 
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Figure  7 : 


Texture  Gradient  (with  No  Photic  Gradient) 

The  "figure"  portion  of  the  Texture  Gradient 
consisted  of  a  design  in  luminous  paint  activated 
by  four  black  lights. 

The  surrounding  "ground"  was  painted  with  flat  white 
paint,  which  when  illuminated  by  the  four  black 
lights,  merged  into  the  background. 

The  "moon"  is  shown  at  an  angle  of  2° 27'  from  S_'  s 
sensible  horizon 


Figure  8 :  Combination  of  City  Scene  plus  Texture  Gradient 

(with  Photic  Gradient  Condition) 

In  the  Combination  scene,  the  Texture  Gradient 
scene  was  supported  directly  in  front  of  and 
below  the  city  skyline  scene.  The  "moon"  is 
shown  at  an  elevation  of  7°21'  from  £3*  s  sensible 
horizon . 
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Figure  9:  The  Windmill  scene  -  no  "moon"  is 
present  in  the  Plexiglas  "sky". 

The  windows  of  the  Windmill 
radiated  a  small  amount  of  light. 
During  experimentation,  the  blades 
of  the  Windmill  were  in  motion,  and 
at  the  horizon  level,  the  blades 
momentarily  obscurred  the  moon  as 
they  rotated. 
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The  movable  rod  was  calibrated  in  visual  angle. 

The  scale  was  not  visible  to  S  (see  Appendix  2). 

Also  in  the  second  room  was  a  table  and  small 
shaded  light  to  aid  E's  assistant  in  recording  data. 

Above  S's  head,  but  within  reach  from  his 
sitting  position,  a  cable  ran  between  two  pulleys, 
one  attached  to  the  far  wall  of  the  second  experimental 
room,  the  other,  attached  to  the  wall  to  the  side  of 
and  behind  the  Plexiglas  "sky1' .  Attached  to  this 
cable  was  a  target  of  red  yarn.  The  wall  blocked  S's 
view  of  the  cable  and  target  once  it  had  left  Room 
Two.  A  tape  measure  was  strung  beside  the  cable  in 
the  first  experimental  room,  but  did  not  extend  into 
Room  Two. 

Procedure : 

Ss  were  run  individually  at  times  of  their 
convenience.  When  S^  arrived,  he  was  shown  into  the 
second  experimental  room  and  seated  in  front  of  the 
reduction  screen.  This  was  to  be  his  position 
throughout  the  experiment.  E  conversed  briefly  with 
S  to  put  him  at  ease  in  the  experimental  situation. 

E  then  began  the  instructions.  S  was  instructed  that 
by  glancing  back  and  forth  from  the  stimulus  target  to 
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the  comparison  target,  he  was  to  adjust  the  movable 
rod  until  the  size  of  the  circle  matched  the  size  of 
the  "moon".  was  also  informed  that  a  bell  would 
warn  of  an  imminent  presentation.  Lastly,  S  learned 
that  in  the  first  part  of  the  experiment  he  would 
judge  only  the  target,  and  in  the  second  part  he  would 
judge  the  target  surrounded  by  a  gradient  of  brightness. 

Test  trials  were  given  in  order  to  acquaint  S 
with  the  stimulus  and  also  to  determine  which  comparison 
stimulus  would  be  needed.  The  number  of  test  trials 
was  dependent  upon  S's  satisfaction  with  the  size  of 
the  target  as  compared  to  the  size  of  the  stimulus. 

Four  trials  was  the  maximum  needed.  As  an  added 
precaution,  S  was  assured  that  a  change  of  comparison 
target  would  be  possible  during  the  first  few  trials 
if  there  was  any  doubt  of  the  sufficiency  of  range. 

E  then  answered  any  questions  of  procedure,  and  the 
room  was  darkened  and  the  session  began.  E  retired 
to  Room  One,  rang  the  warning  bell  and  switched 
on  the  apparatus.  made  a  judgment  of  the  initial 
condition  during  the  twenty-second  time  interval 
allowed.  In  all  cases,  the  interval  was  sufficiently 
long  for  S  to  make  the  judgment.  E's  assistant 
recorded  the  data  and  adjusted  the  rod  to  either  its 
unextended  or  most  extended  position,  depending 
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on  whether  the  next  trial  was  ascending  or  descending 
(randomly  determined) .  E  adjusted  the  block  under  the 
projector,  rang  the  bell  and  the  next  presentation 
began.  Thirty  presentations  were  given  i.e.  five 
trials  at  each  of  the  six  elevations.  Order  of 
presentation  was  randomly  determined. 

£  was  informed  that  the  second  part  of  the 
experiment  would  now  begin.  S  was  instructed  to  judge 
the  target  surrounded  by  the  gradient  of  brightness 
and  cautioned  not  to  include  the  gradient  in  his 
judgments.  E  returned  to  Room  One,  removed  the  hood 
in  order  to  produce  the  'photic  gradient'  condition 
(see  Apparatus)  and  the  session  proceeded  in  the  same 
manner  as  that  of  the  initial  condition. 

The  six  elevations  were  presented  randomly,  but 
S  saw  the  same  stimulus  field  throughout.  Which  field 
was  seen  was  randomly  determined.  It  was  not  possible 
to  randomize  the  fields  for  each  S  because  of  the 
time  required  to  set  up  each  condition. 

At  the  conclusion  of  the  session,  E  returned  to 
the  room  in  which  S  sat  and  took  four  measures  of 
apparent  distance.  Two  methods  were  used:  1.  depth 
estimation,  2.  magnitude  estimation.  Two  measures 
(made  from  memory)  were  taken  by  each.  was  first 
instructed  to  adjust  the  cord  (see  Apparatus  for 
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description)  so  the  position  of  the  target  would  be 
as  distant  as  the  position  of  the  horizon  moon 
(depth  estimation).  The  judgment  was  made,  and  the 
data  recorded.  S_  was  asked  to  repeat  the  measure, 
considering  the  moon  of  highest  elevation  instead  of 
the  horizon  moon.  S  was  not  allowed  to  observe  the 
stimulus  during  measurement,  since  the  match  was  to 
be  made  employing  memory.  A  small  number  of  Ss  were 
unable  to  make  this  judgment,  for  reasons  that  can 
only  be  speculated.  In  such  a  case,  S_  was  asked  to 
give  a  judgment  in  feet  and  inches.  The  same  two 
distances  were  then  measured  by  the  method  of 
magnitude  estimation.  The  question  given  was  as 
follows:  "If  the  eyepiece  is  (e.g.  37)  units  in 
length,  how  many  units  is  the  horizon  moon  from  the 
eyepiece?"  The  eyepiece  was  always  used  for 
comparison  purposes  and  as  the  zero  point. 

The  distance  measures  concluded  the  experiment. 
S  was  shown  the  equipment  in  the  first  experimental 
room  and  the  purpose  of  the  study  was  explained. 
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RESULTS 

An  initial  comparison  of  size  judgments  as 

differing  from  veridical  size  of  the  target  was  made 

2 

by  means  of  a  x  on  the  major  factors,  excluding  the 
apparent  distance  variable  since  it  is  here  a  correlate 
of  size  rather  than  a  determinant.  Results  showed  high 
reliability  (x2  =  700.30;  df  =  3;  p  <<.001). 

An  analysis  of  variance  for  size  data  was  run  by 
APL  using  a  program  written  particularly  for  the  problem 
since  no  such  program  is  found  in  the  public  libraries 
(see  Appendix  3) .  A  subsequent  check  was  done  by  hand. 

The  results  of  the  analysis  of  variance  are  shown 
in  Table  II.  Those  effects  starred  (*)  are  significant 
at  the  .05  level. 

The  A  effect  (foregrounds  or  scenes)  was  not 
significant  at  the  .05  level  (F  =  .915;  df  =  6,63; 
p  >.25).  However,  Duncan's  New  Multiple  Range  Test 
(to  compare  each  scene  with  every  other)  showed  that 
several  comparisons  produced  significant  results.  The 
results  of  Duncan's  test  are  given  in  Table  III.  Nine 
of  the  twenty-one  comparisons  show  significance  at 
the  .05  level.  These  are  marked  in  the  table  and  will 


be  discussed  later. 


.  J  • 


Sums  of  squares,  degrees  of  freedom,  mean  squares,  F's  and  probabilities 
are  shown  for  main  effects,  second-order  interactions  and  third-order 
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Table  III 
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T.Gr. 

L.P. 

C.S. 

Wind¬ 

mill 

u,c. 

C.S.  / 
T.Gr. 

C.S.  , 
L.P. 

T.Gr. 

X 

N.S. 

N.S. 

N.S." 

s. 

N.S. 

N.S. 

L.P . 

X 

X 

S. 

S. 

s. 

S. 

N.S. 

C.S. 

X 

X 

X 

N.S. 

N.S. 

N.S. 

S. 

Wind¬ 

mill 

X 

X 

X 

X 

N.S. 

N.S. 

s. 

U.C. 

X 

X 

X 

X 

X 

N.S. 

s. 

C.S./ 

T.Gr. 

X 

X 

X 

X 

X 

X 

s. 

C.S./ 

L.P. 

X 

X 

X 

X 

X 

X 

X 

Table  ills  results  of  Duncan's  Multiple  Range  Test 

(to  compare  each  scene  with  every  other) . 

N.S.  indicates  comparisons  in  which  there 
were  no  significant  differences.  S.  indicates 
comparisons  in  which  significant  differences 
occurred.  Protection  level  of  Duncan's  in 
this  situation  is  73.5%. 


U.S. 


refers  to  Unstructured  Condition. 
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In  order  to  determine  the  effect  of  the  presence 
of  scene  vs.  absence  of  scene,  t-tests  compared  each 
scene  with  the  Unstructured  Condition.  Table  IV 
presents  results  of  this  comparison  for  total  data 
(both  presence  and  absence  of  photic  gradient) ,  whereas 
Table  V  presents  results  of  the  data  from  the  photic 
gradient  condition  only.  Table  IV  shows  that  the 
Combinations  (C.S.  plus  L.P.)  differs  significantly 
from  the  Unstructured  Condition,  with  differences 
between  Line  Perspective  and  Unstructured  Condition 
approaching  significance  (p  «  .06).  The  t-tests 
comparing  each  scene  with  the  Unstructured  Condition 
under  the  photic  gradient  condition  only  (Table  V) 
produced  the  same  results  found  significant  in  Table  IV, 
although  the  effect  was  reduced  somewhat.  An  added 
result  is  that  the  differences  in  effect  between 
Unstructured  Condition  and  Texture  Gradient  approaches 
significance  ^p  -  .06).  Results  for  these  three 
comparisons  agree  with  results  produced  by  Duncan's 
Test  (see  Table  III) . 

The  effect  of  scenes  on  relative  illusory  size 
was  investigated  by  computation  the  ratio.  Size  of 
Horizon  Moon"/"Size  of  Zenith  Moon".  These  results 
are  presented  in  Table  VI.  This  size  index  is 
greatest  in  the  Combination  conditions,  relatively 
large  in  the  City  Scene  and  Texture  Gradient  conditions, 
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Table  IV 


Foreground 

X 

t 

df 

P 

City  Scene 

1233.2 

.648 

18 

>.25 

Line  Perspective 

1510.4 

1.709 

18 

>.05  ( 

=  .06) 

Texture  Gradient 

1393.2 

.538 

18 

>.25 

Windmill 

1166.0 

.407 

18 

>.30 

City  Scene 

plus 

Line  Perspective 

1574.1 

2.169 

18 

<.05  * 

City  Scene 

plus 

Texture  ( 

Gradient 

1218.0 

.670 

18 

>.25 

Unstructured  Condition  1108.1 

— 

— 

— 

Table  IV: 

t-tests  comparing  each 

scene  with 

the  Unstructured 

Condition 

over  both 

photic  gradient  and  no 

photic 

gradient 

condition . 

df 

is  the 

result  of  ni 

=  n2= 

10  Ss. 

* 

indicates 

significance 

at  the 

.05 

level . 

Foreground 

Table  V 

X 

t 

df 

P 

City  Scene 

604.6 

.  367 

18 

>.35 

Line  Perspective 

770.3 

1.366 

18 

>.05 

(=.09) 

Texture  Gradient 

702.2 

1.621 

18 

>.05 

(=.06) 

Windmill 

578.8 

.152 

18 

>.40 

City  Scene  plus 

Line  Perspective 

825.6 

1.902 

18 

in 

o 

• 

V 

* 

City  Scene  plus 

Texture  Gradient 

645.0 

.369 

18 

>.35 

Unstructured  Condition 

567.8 

— 

— 

— 

Table  V:  t-tests  comparing  each  scene  with  the  Unstructured 
Condition  over  photic  gradient  condition  only,  df 
is  the  result  of  nj  =  n2  —  10  Ss. 

*  indicates  significance  at  the  .05  level. 
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Table  VI 


Foreground 

No  Photic  Gradient 

Photic  Gradient 

Overall 

City  Scene 

1.45 

1.35 

1.40 

Line  Perspective 

1.29 

1.09 

1.19 

Texture  Gradient 

1.32 

1.41 

1.36 

Unstructured  Condition 

1.06 

1.04 

1.05 

Windmill 

1.18 

1.13 

1.16 

City  Scene  plus 

*> 

Line  Perspective 

1.78 

1.41 

1.60 

City  Scene  plus 

Texture  Gradient 

1.36 

1.59 

1.48 

Overall 

1.35 

1.29 

1.32 

Overall  without 

Unstructured  Condition 

1.40 

1.33 

1.36 

Table  Vis  Ratio  of  "Size  of  Horizon  Moon"/"Size  of  Zenith 
Moon"  for  each  of  the  foregrounds  or  fields  and 
for  each  of  'no  photic  gradient'  and  'photic 
gradient'  conditions.  Overall  ratios  have  been 
calculated  across  'photic  gradient'  -  'no  photic 
gradient'  for  each  field  and  also  across  fields  for 
each  of  the  'no  photic  gradient'  and  'photic  gradient' 
conditions.  In  addition,  this  latter  ratio  has  been 
calculated  across  fields,  excluding  the  Unstructured 
Condition.  "Zenith"  represents  the  highest  angle  of 
elevation,  namely  12  degrees,  13  min.  from  S's 
sensible  horizon. 
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with  approximately  twenty  percent  increase  in  the 
Perspective  and  Windmill  conditions.  The 
Unstructured  Condition  produced  only  a  small  increase. 

The  analysis  of  variance  (Table  II)  also  shows 
the  B  main  effect  (photic  gradient  vs.  no  photic 
gradient)  to  be  not  significant  (F  =  1.910;  df  =  1,63, 
p  >  .10) *  A  t-test,  as  an  alternate,  confirmed  this 
(t  =  1.24;  df  =  1;  p  >.20). 

The  analysis  of  variance  (Table  II)  also  showed 
the  C  main  effect  (differences  due  to  differences  in 
elevation  of  target)  to  be  highly  significant 
(F  =  47.379;  df  =  5,315;  p  <<.005).  A  Greenhouse- 
Geiser  analysis  confirmed  this  (F  =  47.379;  df  =  1,63; 
p  <<.005).  Duncan's  New  Multiple  Range  Test  was 
therefore  used  to  compare  the  effect  of  each  elevation 
with  that  of  every  other  over  all  scenes  (see  Table 
VII) .  Results  of  this  test  show  that  the  horizon 
condition  (0°0')  and  the  elevation  immediately  above 
it  (2°27')  differs  signficantly  from  each  other  and  from 
the  four  highest  elevations.  In  addition, the  elevation 
two  steps  above  the  horizon  (4°54‘)  differs  significantly 

from  the  highest  elevation.  No  other  significant 

» 

differences  were  found.  Graph  I  illustrates  differences 


due  to  elevation. 
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Graph  I:  Size  means  in  minutes  of  visual  angle 
for  elevations  plotted  over  scenes 
under  both  'Photic  Gradient'  and  'No 
Photic  Gradient'  conditions. 

(see  Appendix  3  for  explanation  of 
symbols) . 

Veridical  size  of  the  moon  is  thirty 
minutes,  eight  seconds. 


35. 

Hypothesis  One  is  therefore  confirmed  in  part: 
a  luminous  circular  target  in  the  presence  of  any 
one  of  the  aforementioned  factors  produced  an 
absolute  illusory  size.  The  Discussion  elaborates  this 
point . 

Of  the  second  order  interactions  shown  in  Table  II, 

A  X  C  (scenes  X  elevations)  was  significant  (F  =  2.728; 
df  =  30,315;  p  <.005).  The  effect  is  shown  by  Graph 
II.  Results  of  further  analysis  of  one  aspect  of  the 
interaction  is  given  in  Table  VIII.  The  purpose  of 
this  analysis  was  to  determine  which  particular  scenes 
produced  an  illusory  effect  over  elevations.  A 
Friedman  two-way  analysis  of  variance  by  ranks'^  over 
elevations  was  therefore  applied  to  each  scene.  Table 
VIII  showns  that  all  scenes  but  the  Unstructured 
Condition  produced  a  significant  change  over  elevations. 
However,  the  result  for  the  Unstructured  Condition 
approached  significance. 

The  analysis  of  variance  (Table  II)  resulted  in 
A  X  B  (scenes  X  presence  or  absence  of  photic  gradient) 
not  significant  (F  =  .515;  df  =  6,63;  p  >.25).  Graph 
HI  illustrates  this  interaction.  B  X  C  (presence  or 
absence  of  photic  gradient  X  elevations)  is  also  not 
significant  (F  =  .520;  df  =  5,315;  p  >.25).  Graph  IV, 

1from  Ferguson,  Statistical  Analysis  in  Psychology 
and  Education  (1959),  p.  272-274. 
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APPARENT  SIZE  IN  MINUTES  OF  VISUAL  ANGLE 


Graph  II:  Size  means  in  minutes  of  arc  for  each 
scene  plotted  over  elevations  for  both 
'Photic  Gradient'  -  'No  Photic  Gradient' 
conditions . 

Veridical  size  of  the  moon  is  thirty 
minutes,  eight  seconds. 


Table  VIII 


source 

Texture  Gradient 
Line  Perspective 
City  Scene 
Windmill 

Unstructured  Condition 
C.S.  plus  L.P. 

C.S.  plus  T.Gr . 

*  indicates  significance 
Table  VIII: 


Xr 

df 

£ 

29.37 

5 

<.001* 

13.0 

5 

<.05  (=.03)* 

27.0 

5 

<.001* 

25.3 

5 

>.001* 

10.8 

5 

>.05  (=.06) 

33.6 

5 

<.001* 

36.5 

5 

<.001* 

Friedman  two-way  analysis  of  variance 
by  ranks  applied  to  test  the  effect 
of  each  scene  over  elevations,  is 
computed  from  data  for  both  conditions 
of  photic  gradient. 
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Graph  III:  Size  means  in  minutes  of  visual  angle 

for  conditions  of  gradient  ('Photic 
Gradient'  -  'No  Photic  Gradient') 
plotted  over  scenes. 

Veridical  size  of  the  moon  is  thirty 
minutes,  eight  seconds. 
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however,  shows  small  but  regular  differences  between 
means  for  photic  gradient  and  no  photic  gradient 
plotted  over  elevations.  Although  relative  change 
was  not  significant,  inspection  of  the  graphs  shows 
changes  from  absolute  size  to  be  large. 

The  third  order  interaction  A  X  B  X  C  (scenes  X 
presence  or  absence  of  photic  gradient  X  elevations) 
approached  significance  (  F  =  1.475;  df  =  30,315; 
p  -.06).  Graphs  V  and  VI  illustrate  this  interaction 
as  plotted  for  size  means.  Graphs  VII  through  IX 
illustrate  the  interaction  as  plotted  for  size  medians. 
Hypothesis  Two  is  then  confirmed:  a  luminous 

circular  target  in  the  presence  of  any  combination 

%  ■'  * 

of  these  factors  will  produce  absolute  illusory  size. 

Two  measures  of  distance  were  taken  (see  Procedure) . 
Correlations  of  apparent  size  with  apparent  distance 

for  magnitude  estimation,  r  =  .365; 
df  =  13;  p  >  .05 

for  depth  estimation,  r  =  .035;  df  =  13; 
p  >  .  05 


were : 


APPARENT  SIZE  OF  MOON  IN  MINUTES  OF  V.A. 


140' 

135' 

130' 

125' 

120' 

115' 

110' 

105' 

100' 
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No  Photic  Gradient 
Photic  Gradient 


]l_ I_ I_ I_ l_ l 

12°13'  9°46'  7°21'  4°54'  2°27'  0°0' 

ELEVATIONS 


Graph  IV:  Size  means  in  minutes  of  arc  for 

'Photic  Gradient'  and  'No  Photic 
Gradient'  plotted  over  elevations. 
Veridical  size  of  the  moon  is 
thirty  minutes,  eight  seconds. 


APPARENT  SIZE  OF  TARGET  IN  MINUTES  OF  VISUAL  ANGLE 
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ELEVATIONS 


Graph  V:  Size  means  in  minutes  of  arc  for 

each  scene  plotted  over  elevations 
under  'Photic  Gradient'  condition. 
Veridical  size  of  the  moon  is 
thirty. minutes ,  eight  seconds. 


APPARENT  SIZE  OF  TARGET  IN  MINUTES  OF  VISUAL  ANGLE 
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ELEVATIONS 


Graph  VI:  Size  means  in  minutes  of  arc  for 

each  scene  plotted  over  elevations 
under  'No  Photic  Gradient'  condition. 
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PERSPECTIVE 


CITY  SCENE 
PLUS  TEXTURE 
GRADIENT 


TEXTURE  GRADIENT 


LINE  PERSPECTIVE 


CITY  SCENE 
WINDMILL 


UNSTRUCTURED 

CONDITION 
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12°  13'  9°46'  7° 21'  4° 54'  2°27'  0°0' 

ELEVATIONS 


Graph  VII:  Size  medians  in  minutes  of  arc  for  each 

scene  plotted  over  elevations  under 
'Photic  Gradient'  condition. 
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Graph  VIII: 


Size  medians  in  minutes  of  arc  for 
each  scene  plotted  o^rer  elevations 
under  'No  Photic  Gradient'  condition. 
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Graph  IX:  Size  medians  in  minutes  of  arc  for 
each  scene  plotted  over  elevations 
under  both  'Photic  Gradient'  -  'No 
Photic  Gradient'  conditions. 

(Graph  VIII  and  Graph  I  differ  in 
that  the  former  is  plotted  for 
medians,  the  latter  is  Dlotted  for 
means) . 
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T-tests  were  employed  to  test  differences 
between  apparent  distance  to  horizon  and  apparent  distance 
to  zenith  for  all  scenes.  Results  were  non-significant? 
for  magnitude  estimation,  t  =  1.061; 
df  =  13;  p  >.15 

for  depth  estimation,  t  =  1.464;  df  =  13; 
p  > . 05  (p  = . 07 ) 

Further  analysis  of  distance  measures,  pooled  both 
methods,  since  a  high  correlation  existed  between  them 
(r  =  .88).  Based  upon  this  pooled  estimate,  individual 
inspection  of  the  scenes  were  made.  This  showed  that 
Texture  Gradient  alone  produced  large  differences  between 
the  horizon  and  the  highest  elevation,  but  this  difference, 
when  tested  statistically,  also  proved  not  significant 
(t  =  .976;  df  =  18?  p  >.15).  Line  Perspective  produced 
only  a  small  change,  and  the  remaining  five  scenes  showed 
essentially  no  differences. 

Rank-ordering  of  conditions,  based  again  upon 

pooled  estimates,  showed  that  the  target  appeared  most 

distant  when  Texture  Gradient  was  in  the  foreground, 

and  least  distant  when  City  Scene  was  in  the  foreground. 

The  remaining  five  conditions  were  grouped  in  a  middle 

range  and  produced  moderate  effects  of  apparent 

distance.  When  tested  by  a  Friedman  analysis,  these 

2 

differences  proved  not  significant  (xr  =  11.52;  df  =  6; 
p  >.05;  [p  -.08]  )  • 

The  third  hypothesis  is  discussed  in  the  next  section. 
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DISCUSSION 

The  roles  of  the  five  factors  in  producing 
illusory  size  of  a  luminous  circular  target  were 
considered  in  this  study.  These  are: 

1.  eye  elevation 

2.  apparent  distance 

3.  texture  gradients 

4.  objects  or  cues  in  the  field 

5.  brightness  or  photic  gradient 

Also,  the  effects  of  various  combinations  of  these 
factors  were  considered,  with  emphasis  on  testing 
additivity  of  components. 

The  results  of  this  study  indicate  that  all  factors 
tested  (except  apparent  -  distance)  produced  absolute 
illusory  size  i.e.  target  size  was  overestimated  as  a 
result  of  all  conditions.  The  lowest  average  (over  Ss) 
overestimation  was  greater  than  one  hundred  percent, 
in  fact.  Since  all  stimulus  conditions  increase  size 
significantly  (i.e.  produce  absolute  illusory  size), 
theories  are  not  mutually  dependent.  Consequently, 
no  one  theory  of  moon  size  will  suffice. 

Size  illusion  as  defined  by  previous  studies  is 
expressed  as  a  ratio  comparing  the  size  of  the  moon  on 
the  horizon  with  size  of  moon  at  zenith  (Boring,  1939, 
1943?  Kaufman  and  Rock,  1962?  etc.),  that  is,  relative 
illusory  size.  Values  for  this  table  are  given  in 
Table  I.  Of  the  three  results  measured  by  the  indirect 
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method,  the  range  of  ratios  reported  by  Kaufman  and 
Rock  roughly  agrees  with  the  overall  ratio  found  in 
the  present  experiment  i.e.  1.32.  Kaufman  and  Rock, 
however,  reported  results  more  comparable  to  the 
present  study  by  use  of  the  direct  method.  They 
mention  here  that  size  indexes  of  around  this 
magnitude  are  dependent  on  the  presence  of  terrain  and 
also  upon  the  peculiar  terrain  present.  Both  findings 
are  supported  by  the  present  study;  in  fact,  ratios 
produced  by  Kaufman  and  Rock  approximate  ratios  produced 
by  this  study  under  similar  conditions  of  terrain. 
Agreement  is  also  found  under  conditions  where  eye 
elevation  alone  is  operative.  Kaufman  and  Rock  record 
a  ratio  of  1.03,  slightly  lower  than  that  found  in  the 
present  experiment  (1.04  -  1.06). 

Gruber  et  al  (1962)  report  an  illusion  of  larger 
magnitude  (by  the  successive  method)  than  the  overall 
result  of  this  study.  It  should  be  noted,  however, 
that  results  of  several  conditions  of  terrain  in  the 
present  study  approximate  Gruber's  ratios.  The  size 
index  cited  by  Minnaert  for  both  the  Sun  and  Moon 
Illusions  is  larger  than  that  found  by  the  present 
experiment.  Differences  may  be  due  to  the  ability  to 
effectively  simulate  the  natural  situation  in  the 


laboratory. 


4 


' 


* 


49. 


This  experiment  also  contributes  a  test  of  the 
relative  importance  of  factors  i.e.  how  powerful  each 
was  in  production  of  size  illusion.  Terrain 
characteristic  proved  to  be  the  most  important  variable^. 
Terrain  itself  is  a  composite  variable.  It  is  comprised 
of  texture  gradients  of  space  and  objects  in  the  scene. 
Some  of  the  individual  conditions  of  terrain  do  appear 
to  be  more  effective  than  others,  however*  In 
particular,  the  Combination  (C.S.  plus  L.P.)  was  most 
successful  in  increasing  apparent  size.  The  effects 
of  other  foregrounds  are  not  readily  apparent,  either 
from  the  graphs  or  statistical  evidence.  On  the  whole, 
(from  means  given  in  Table  VIII)  it  would  appear  that 
Texture  gradient  and  Line  Perspective  are  somewhat 
less  effective  than  the  Combination  (C.S.  plus  L.P.) 
condition,  but  are  more  successful  than  the  City  Scene, 
which  in  turn,  is  more  successful  than  the  Combination 
(C.S.  plus  T.Gr.)  condition,  the  Windmill  condition 
or  the  Unstructured  Condition. 

The  results  produced  by  Line  Perspective  in  the 
foreground  are  complex;  graphing  its  medians  produces 
a  gradual  decline  in  size  judgments  from  highest 
elevation  to  mid-elevation  followed  by  an  increase  to 
the  horizon,  thus  size  judgments  are  only  slightly 
larger  at  the  horizon  than  at  the  highest  elevation. 


1see  Appendix4  for  further  discussion 
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Graphing  means  of  size  judgments  for  Line  Perspective 
however  yields  the  gradual  increase  from  highest 
elevation  to  horizon  found  for  other  conditions.  Since 
graphing  the  means  and  the  medians  does  not  produce 
comparable  curves,  the  conclusion  is  that  the  effects 
of  Line  Perspective  is  highly  variable  and  consequently, 
not  interpretable  as  a  factor. 

The  Windmill  condition  was  not  highly  effective  in 
producing  relative  illusory  size;  in  fact,  the  effects 
of  this  condition  differed  little  from  the  Unstructured 
Condition  (absence  of  scene)  in  which  no  change  in 
apparent  size  over  elevations  occurred.  The  effects 
found  in  the  Windmill  condition  may  be  due  to  motion 
in  the  scene  i.e.  the  difference  between  the  effect 
of  City  Scene  as  composed  of  objects  and  the  Windmill 
as  an  object  may  be  due  to  differences  in  response  to 
static  and  changing  (in  this  case,  moving)  conditions. 

The  classic  theory  of  Ptolemy  states  that  the  size 
of  the  moon  is  determined  by  cues  given  by  the  size 
of  terrestrial  objects:  a  theory  not  unlike  the 
unconcious  inference  of  Helmholtz.  The  present 
experiment  shows  that  unfilled  space  possessing  texture 
gradients  produced  a  larger  absolute  illusion  than 
did  scenes  of  a  city,  that  containing  a  moving  windmill 
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and  that  in  which  a  foreground  was  absent.  The  fact 
that  combination  conditions  produced  large  size 
illusions  is  likely  due  to  the  foreground  (or  space- 
producing)  conditions  present.  This  was  the  more 
important  feature  in  producing  the  effect,  i.e.  more 
important  than  objects  in  the  combinations.  Objects 
added  little  to  the  effect  obtained  from  Line 
Perspective  alone. 

The  "framing  effect"  of  large  buildings  or  large 
objects  in  the  terrain,  mentioned  by  Kaufman  and  Rock 
as  a  secondary  factor  in  producing  the  illusion  was 
not  therefore  confirmed  by  the  present  experiment. 
Although  both  Combination  scenes  contain  objects,  they 
are  not  considered  in  this  comparison  since  other 
factors  may  be  operating  (see  page  54-56) . 

Eye  elevation  has  been  invoked  by  Boring  and  Holway 
(1939)  as  the  explanation  for  the  illusory  size  of 
Heavenly  Bodies.  This  factor  appears  to  be  independently 
reliable  by  the  analysis  of  variance  of  size  measures, 
but  inspection  of  Graphs  II  and  V  through  IX  suggests 
that  this  may  be  an  artifact  arising  from  correlational 
effects  over  elevations.  These  graphs  and  Table  VIII 
show  the  Unstructured  Condition  (in  which  eye  elevation 
varies  but  terrain  conditions  are  not  operating)  as 
producing  relatively  little  change  in  apparent  size 
over  elevations.  Since  Boring's  theory  is  based  on 
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changes  of  eye  elevation,  this  result  is  difficult 
to  interpret.  The  presence  of  the  target  no  doubt 
produces  an  absolute  size  change  (an  illusion) ,  but 
changes  in  elevation  produce  only  small  relative 
size  change.  The  conclusion  drawn  is  that  eye 
elevation  is  a  relatively  weak  factor  in  varying  the 
magnitude  illusion. 

The  question  might  arise  as  to  whether  a  greater 
range  of  elevation  would  alter  this  result.  The  present 
experiment  of  course  varied  elevation  only  from  0°  O' 
to  12°13'.  At  the  first  glance,  the  range  seems  small. 
But  reference  to  curves  presented  by  Boring  and  Holway 
(1939)  indicates  that  for  three  observers, 
approximately  1/3  to  1/2  of  the  total  size  change  (from 
elevations  of  0°  to  60°)  was  accounted  for  in  the 
range  of  elevations  employed  in  the  present  experiment. 

In  addition  to  the  "framing  effect",  Kaufman  and 
Rock  also  contend  that  "the  illusion  is  based  on  the 
sense  of  great  distance  which  the  observer  has  when 
viewing  the  moon  directly  above  the  horizon  .  The 
present  experiment  does  not  support  this  hypothesis. 

The  low  positive  correlation  between  apparent  size  and 
apparent  distance  suggests  little  interdependence  of 
these  two  variables.  In  addition,  distance  measures 
appear  to  be  independent  of  terrain  characteristic. 


1The  Moon  Illusion,  II/  P*  1023 
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However,  it  should  be  noted  that  differences  usually 
found  between  apparent  distance  to  horizon  and  apparent 
distance  to  zenith  were  not  produced. 

Although  the  presence  or  absence  of  the  brightness 
gradient  did  not  produce  significant  differences  in 
relative  size  over  elevations,  it  is  possible  that  a 
more  perfect  'no  photic  gradient'  condition  than  that 
employed  in  the  present  experiment  might  have  produced 
significance.  In  the  present  case,  the  'no  photic 
gradient'  condition  was  composed  of  the  target  plus  a 
small  gradient  which  was  impossible  to  eliminate 
because  of  the  combination  of  surface  and  projection 
system  used.  Here  again,  although  relative  size  was 
not  significantly  different  for  levels  of  the  factor, 
judged  size  was  much  larger  than  the  true  size  of  the 
target,  i.e.  absolute  illusory  size  was  produced. 

Hypothesis  Two  dealt  with  the  illusory  size 
produced  by  combinatins  of  conditions.  This  hypothesis 
was  borne  out,  since  the  combination  of  scenes  X 
elevations  was  shown  to  be  significant,  and  scenes  X 
presence  or  absence  of  photic  gradient  X  elevations  was 
almost  significant.  Further  analysis  of  the  scenes  X 
elevations  interaction  showed  that  all  scenes  but 
Unstructured  Condition  produced  significance  differences 
in  size  over  elevations,  with  Unstructured  Condition 
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approaching  significance.  Another  way  to  look  at 
the  interaction  is  to  consider  changes  in  elevation 
over  scenes.  Graph  I  illustrates  that  the  four 
highest  elevations  appear  to  give  size  judgments,  which, 
on  the  whole,  are  very  similar.  Any  differences  within 
conditions  which  do  occur  are  in  the  horizon  condition 
and  the  elevation  immediately  above  it.  Further 
evidence  for  this  point  is  cited  in  Table  VII.  Therefore, 
since  no  change  in  elevation  occurs  when  there  is  no 
foreground  present,  this  effect  is  likely  an  interaction 
of  elevations  with  scenes.  The  remaining  two 
combinations  (scenes  X  presence  or  absence  of  photic 
gradient  and  eye  elevation  X  presence  or  absence  of 
photic  gradient)  were  not  successful  in  increasing 
illusory  size  (unless  size  judgments  are  again 
considered  in  relation  to  the  absolute  size  of  the 
target) . 

Hypothesis  Three  dealt  with  additivity  of  effects. 

It  is  in  part  borne  out,  based  on  graphic  evidence. 
(Statistical  evidence  is  complicated  by  non-random¬ 
ization  of  scenes  over  !Ss.  )  Based  on  Graph  IX  which 
plots  the  medians  (and  is  therefore  more  independent 
of  individual  differences  than  means) ,  the  Combination 

^see  Appendix  5 
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(C.S.  plus  L.P.)  appears  to  be  composed  of  an  additive 
effect  of  City  Scene  and  Line  Perspective,  although 
this  result  is  not  clear-cut,  due  to  the  peculiar 
direction  and  shape  of  the  Line  Perspective  curve. 

The  additive  effect  can  also  be  shown  graphically  by 
extrapolation  of  Graph  V.  When  extrapolation  is 
performed,  the  point  at  which  City  Scene  condition  and 
Line  Perspective  condition  converge,  is  the  same  as  that 
at  which  the  Combination  (C.S.  plus  L.P.)  condition  and 
City  Scene  condition  converge,  so  far  as  the  apparent 
size  axis  is  concerned.  This  combination  of  effects 
indicates  that  in  the  Combination  condition,  City  Scene 
was  a  very  weak  factor,  while  Line  Perspective  was 
dominant  in  producing  the  size  effect. 

The  two  mentioned  points  of  convergence  did  not 
coincide  on  the  abscissa  (degrees  of  elevation) , 
however.  Instead,  the  Combination  (C.S.  plus  L.P.)  and 
City  Scene  converge  at  a  point  considerably  less  than 
the  point  of  approximate  true  zenith  where  City  Scene 
and  Line  Perspective  converge.  This  may  be  interpreted 
to  show  that  the  Combination  (C.S.  plus  L.P.)  served  to 
bring  the  true  zenith  phenomenally  closer,  and  thus  may 
have  evoked  the  "Vault  of  Heavens"  effect.  In  contrast, 
the  Texture  Gradient,  City  Scene  and  Combination 
(C.S.  plus  T.Gr.)  all  converged  in  approximately  the 
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same  place  on  both  abscissa  and  ordinate,  suggesting 
no  "Vault  of  Heavens"  effect.  In  fact,  an  opposite 
process  appears  to  be  acting  in  the  Combination 
(C.S.  plus  T.Gr.)  condition.  From  Graph  IX,  it  would 
appear  that,  on  the  whole,  a  gross  subtractive  effect 
is  in  operation.  Consideration  of  these  two  major 
factors  (objects  in  the  scene  and  texture  gradients) 
in  the  make-up  of  terrain  leads  to  the  conclusion  that 
Hypothesis  Three  is,  in  a  gross  way,  partially 
supported. 
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SUMMARY 

In  sum,  it  appears  that  all  conditions  are 
effective  in  producing  size  when  judged  size  as 
compared  to  the  absolute  size  of  the  target  is 
considered,  i.e.  absolute  illusory  size.  However, 
when  relative  illusory  size  is  considered  (see 
Glossary) ,  only  representation  of  terrain  in  the  field 
produced  significant  illusory  size;  in  fact,  both 
aspects  of  terrain,  i.e.  texture  gradients  and  objects 
in  the  field,  produced  illusory  size.  Eye  elevation, 
apparent  distance,  and  the  presence  of  the  photic 
gradient  did  not  affect  relative  illusory  size. 

Since  absolute  illusory  size  is  produced  in  all 
experimental  conditions , further  discussion  of  the 
relative  importance  of  each  factor  i.e.  how  powerful 
each  was  in  producing  the  illusion,  is  relevant.  Within 
conditions,  terrain  characteristic  is  the  prepotent 
variable.  In  particular,  texture  gradients  of  space 
are  relatively  more  important  than  objects  in  the  scene. 
Still,  terrain  characteristic  is  clearly  not  a 
sufficient  explanation,  since  the  presence  of  the  target 
in  an  unstructured  field  produces  an  illusion,  and  other 
factors  tested  also  produce  size  judgments  larger  than 
the  veridical  target  size.  Eye  elevation  and  the 
brightness  or  photic  gradient  must  also  be  considered 
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in  discussion  of  the  illusion,  although  they  are  less 
powerful  factors  than  terrain  characteristics. 

Important  as  terrain  characteristics  were,  had 
experimental  conditions  allowed  for  elevation  of  the 
"moon"  through  an  arc  to  true  zenith,  effects  found 
in  the  present  experiment  might  have  been  altered, 
particularly  with  respect  to  the  role  of  eye  elevation, 
and  detail  would  surely  have  been  expanded.  The  final 
factor,  apparent  distance,  appears  to  be  an  ineffective 
factor  in  the  present  study.  In  the  present  experiment, 
a  method  of  indirect  measurement  or  successive 
comparison  was  employed  in  size  estimation.  Future 
researchers  should  utilize  not  only  this  method,  but 
should  also  measure  size  by  the  direct  method  i.e. 
simultaneous  comparison,  in  order  to  determine  whether 
the  peculiar  method  employed  affects  results. 

Many  answers  have  been  given  the  question,  Why 
does  the  moon  appear  larger  when  at  the  horizon  than 
when  at  the  zenith?  Implicit  in  these  attempts  is 
the  supposition  that  some  single  fact  or  explanation 
will  account  for  the  variance.  This  does  not  appear 
to  be  so.  The  illusion  may  be  evoked  by  any  one  of 
several  conditions  or  combinations  of  conditions.  The 
traditional  theoretical  approachs  may  each  be  based 
upon  a  single  false  premise. 
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APPENDIX  1 

Rejection  of  an  s  data  was  based  on 
variability  in  judgment.  The  criterion  employed 
was  calculated  as  follows. 

As  mentioned  previously  (see  Procedure) ,  S 
was  given  five  trials  for  each  of  six  elevations, 
(thirty  trials  under  each  condition  of  gradient) .  For 
the  initial  condition  (no  photic  gradient) ,  the  range 
for  the  five  trials  was  calculated  for  each  elevation. 
This  yielded  six  numbers  representing  ranges  for  each 
elevation.  A  mean  of  these  numbers  was  then  computed. 
If  the  mean  range  equalled  or  exceeded  ninety  minutes 
of  visual  angle,  Ss  data  was  not  used  in  the  analysis. 

As  the  possible  range  of  judgments  was  ^small 
(approximately  one  half  (1/2)  degree  to  seven  (7) 
degrees) ,  an  average  range  of  one  and  one  half  (1  1/2) 
degrees  seemed  a  reasonable  criterion  for  rejection. 
Employing  this  average  range  as  a  criterion  resulted 
in  the  rejection  of  approximately  thirteen  per  cent 


of  the  Ss. 
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APPENDIX  2 

Additional  apparatus  was  initially  employed  to 
measure  size  by  a  second  method  of  successive  comparison, 
.  but  this  method  was  dispensed  with  after  S-^,  due  to 
difficulties  inherent  in  the  apparatus.  This  apparatus 
consisted  of  rectangular  brass  plates  containing 
circular  aperatures  of  varying  diameters  which  differed 
by  1/4  inch  between  plates  with  larger  aperatures  and 
by  1/8  inch  between  plates  with  smaller  aperatures. 

This  graduation  did  not  seem  to  be  adequate  in  terms  of 
diminuation  since  S  would  consistently  chose  the  same 
plate  on  each  trial.  Over  Ss,  there  was  also  very 
little  variation  in  choice  of  plates. 


. 
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APPENDIX  3 

Size  data  from  the  present  experiment  was 
arranged  in  a  split-split  plot  design  (see  Table  IX) , 
and  then  placed  in  fourteen  convenient  matrices 
(see  Table  X)  in  order  that  an  analysis  of  variance 
might  be  run  by  APL.  Table  X  presents  the  raw  data 
as  arranged  in  these  matrices.  Inset  shows  their 
position  in  Table  II. 

A  represents  varying  scenes  (see  Figures  III  to 

IX)  . 

A^  refers  to  the  City  Scene  plus  Line 
Perspective  combination 

A2  represents  the  Windmill  Scene 

A^  represents  the  Line  Perspective  Scene 

A^  represents  the  City  Scene  plus  Texture 
Gradient  combination 

A^  represents  the  Unstructured  Condition 
Ag  represents  the  Texture  Gradient  scene 
A^  represents  the  City  Scene  condition 

(Order  of  scenes  is  arbitrary  and  represents  only  the 
order  in  which  data  was  typed  into  APL) . 

B  represents  the  photic  gradient  factor  (see 
Figures  VI  and  VII) . 

represents  'No  Photic  Gradient'  condition 

B2  represents  'Photic  Gradient'  condition 

C  represents  varying,  equally-spaced  conditions 
of  elevation. 
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represents  an  angle  of  12°13' 
sensible  horizon 

C2  represents  an  angle  of  9°46' 

represents  an  angle  of  7°21' 

represents  an  angle  of  4°54' 

represents  an  angle  of  2°27' 

Cg  represents  an  angle  of  0°00' 

position) . 


from  S ' s 


(the  horizon 


Table  IX 
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City  Scene 
plus 

Line  Perspective 


(B^ )  No  Photic  Gradient  (B2)  Photic  Gradient 

C1  C2  C3  C4  C5  C6 

(Ai) 


S 


1 
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10 


Windmill  (A9) 

/w 
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S10 


Line  Perspective 


City  Scene 

plus 

Texture  Gradient 


Unstructured 

Condition 


(A3> 

?1 
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10 


(A4) 


10 
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10 


Texture 

Gradient 


(Ag) 


City  Scene 
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S10 


(A7) 


’10 


Table  IX:  Size  data  as  arranged  for  analysis  in  a  split  split 
plot  design  containing  seven  levels  of  A  (foreground 
conditions) r  ten  S's  within  each  Af  two  levels  of 
B  (Photic  Gradient  vs.  No  Photic  Gradient) ,  and  six 
levels  of  C  (elevation) . 
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Table  X 


No  Photic  Gradient 

C. C„C~C.CcCr 
1  2  3  4  5  6 
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Matrix  A^B^ 


Photic  Gradient 


C.  C^C-C.Ct-C. 
1  2  3  4  5  6 
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Table  X :  Inset 

Size  data  (in  minutes  of  visual  angle)  as  arranged 
in  matrices  for  analysis  of  variance  by  APL.  The 
fourteen  matrices  represent  seven  levels  of  A  (scenes) 
by  two  levels  of  gradient  (Photic  Gradient-No  Photic 
Gradient) .  Each  matrix  represents  data  for  ten  Ss  over 
civ  elevations.  Inset  shows  the  positions  of  the 
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APPENDIX  4 

Terrain  characteristic  proved  to  be  the  most 
important  variable,  although  the  analysis  of  variance 
for  size  data  (Table  II)  showed  scenes  (A  main 
effect)  to  be  not  significant.  This  result  may  be  an 
effect  of  non-randomization  of  scenes  for  each  S  and 
the  large  variance  due  to  the  Subjects  effect  (S(A) 
in  Table  II).  A  large  variance  due  to  Subjects  is  not 
uncommon  in  size  experiments.  An  analysis  comparing 
foregrounds  was  employed  to  investigate  effects  within 
the  factor. 

Duncan's  test  produced  few  clear-cut  results,  but 
overall,  Line  Perspective  and  it's  Combination  condition 
(C.S.  plus  L.P.)  appear  to  be  comparable  in  their 
effects,  in  that  they  do  not  differ  significantly  from 
each  other  or  Texture  Gradient,  but  do  differ 
significantly  from  the  remaining  scenes.  In  fact, 
Texture  Gradient  differs  from  the  Unstructured  Condition 
only.  City  Scene  and  Windmill  conditions  also  produce 
similar  results  in  that  each  differs  significantly  from 
Line  Perspective  and  it's  Combination  condition  (C.S. 
plus  L.P.)  but  neither  differs  from  the  remaining 
conditions.  The  other  gross  effect  noticeable  is  that 
the  Unstructured  Condition  and  Windmill  condition 
appear  to  produce  comparable  data  —  they  do  not  differ 


. 
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significantly  from  each  other,  and  comparisons  with 
all  other  scenes  yields  the  same  results  for  both, 
with  one  exception. 

Further  analysis  of  the  scenes  compared  each 
foreground  with  the  Unstructured  Condition.  This 
comparison  is  particularly  important  to  determine  the 
effects  of  scene  independent  of  elevation.  This 
comparison  for  total  data  showed  that  the  Combination 
(C.S.  plus  L.P.)  evoked  significantly  more  illusory 
size  than  absence  of  scene.  The  comparison  for  Line 
Perspective,  however,  approached  significance.  A 
comparison  of  scenes  with  the  absence  of  scene  for  data 
from  the  photic  condition  produced  the  added  result 
that  Texture  Gradient  approached  significance  in  its 
ability  to  evoke  greater  illusory  size  than  the  absence 
of  scene  (under  photic  gradient  condition  only) . 

The  classic  comparison  "Size  of  Horizon  Moon"/"Size 
of  Zenith  Moon"  (see  page  11)  was  also  influenced  by 
the  particular  foreground  under  which  it  was  tested. 

This  size  index  is  greatest  in  the  Combination  conditions, 
and  relatively  large  in  the  City  Scene  and  Texture 
Gradient  conditions.  The  Line  Perspective  and  Windmill 
conditions  showed  only  an  approximate  twenty  percent 
increase  in  size  from  zenith  to  horizon.  Changes  in 
size  under  the  Unstructured  Condition  were  minimal. 
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It  would  then  appear,  from  the  evidence  cited, 
that  the  peculiar  terrain  under  which  the  moon  is 
viewed  affects  both  absolute  and  relative 
illusory  size. 


. 
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APPENDIX  5 

A  Friedman  two-way  analysis  of  variance  by 
ranks'^  tested  the  role  of  each  component  in  the 
combinations.  The  analysis  was  applied  over 
elevations  rather  than  Ss.  Results  are  shown  in 
Table  XI. 

Results  indicate  that  in  the  Combination  (C.S. 
plus  T.Gr.),  Texture  Gradient  was  significantly 
different  from  its  combination  condition,  while  City 
Scene  was  not.  Of  the  components  of  the  Combination 
(C.S.  plus  L.P.),  City  Scene  proved  significantly 
different  while  Line  Perspective  did  not.  In  fact, 
by  this  analysis.  Line  Perspective  is  a  true 
alternative  for  its  combination  condition  i.e.  Line 
Perspective  is  highly  dominant  in  the  combination. 


1from  Ferguson,  Statistical  Analysis  in  Psychology 
and  Education  (1959),  p.  272-274. 
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Table  XI 


source 

2 

X 

~r 

df 

P 

interpretation 

C.S. 

vs.  C.S.  plus  T.Gr. 

2.7 

1 

>  .10 

a  •  ab  =  ? 

T.Gr 

.  vs.  T.Gr.  plus  C.S. 

6.0 

1 

<  .02 

b  •  ba  =  S 

C.S. 

vs.  C.S.  plus  L.P. 

6.0 

1 

<  .02 

a  •  ac  =  S 

L.P. 

vs.  L.P.  plus  C.S. 

0.0 

1 

=  1.00 

c  •  ca  =  N.S. 

In  the  interpretation:  "a"  represents  C.S. 

"b"  represents  T.Gr. 

"c"  represents  L.P. 

S.  represents  significance 
N.S.  represents  non¬ 
significance 


Table  XI:  Friedman  analysis  comparing  each  component 
with  its  combination  condition. 

Interpretation  shows  a  schematic  representation 
of  the  factors  and  evaluates  their  role  in  the 
combination . 


• 
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GLOSSARY 


APL  -  A  Programming  Language  -  a  machine-executable 
version  of  the  Iverson  language^. 

illusory  size  -  There  are  two  aspects  of  illusory 
size : 


1.  relative  illusory  size  is  defined 
as  the  traditional  comparison  "Size 

of  Horizon  Moon"/"Size  of  Zenith  Moon" , 
variations  of  which  were  used  by  Boring 
(1939) ,  (1943) ,  Kaufman  and  Rock  (1962) , 
etc. 

2.  absolute  illusory  size  is  defined  as 
deviation  of  judged  size  from  veridical 
stimulus  size. 


radiant  light  -  light  which  is  propagated  outward 
from  an  incandescent  substance  (sun,  fire) 
with  enormous  velocity2,  or  the  energy 
(photus)  radiating  from  a  point  such  as  an 
atom ^ . 


luminous  light  -  psychophysical  in  nature,  in  contrast 
to  radiant  light,  which  is  defined  in  physical 
terms . 

sensible  horizon  -  a  plane  passing  through  the  eye  of 
the  spectator  at  right  angles  to  the  vertical 
at  a  given  place^. 


■^An  Introduction  to  APL/360,  p.  1 
2 

The  Senses  Considered  as  Perceptual  Systems,  p.  12 

“3 

communication,  J.J.  Gibson,  U.  of  A.,  Edmonton,  6/68 

4Webster's  New  Collegiate  Dictionary,  Thomas  Allen  Ltd., 
Toronto,  1961,  p.  398. 
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